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(54) MANUFACTURE OF SEMICONDUCTOR INTEGRATED CIRCUIT HAVING DIGITAL AND 
ANALOG CIRCUITS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device 
substrate not permitting the signal crosstalk through a 
semiconductor substrate between a digital and an analog 
circuits, by isolating a well region having the digital 
circuit from a well region having the analog circuit by a 
region wider than the thickness of the substrate. 
SOLUTION: An analog circuit region 102 occupies a 
large area and surrounds a digital circuit region 101. An 
isolation region 103 of an epitaxial layer 4 locates 
between both circuits 101, 102 and has a width W larger 
than the thickness t of a semiconductor substrate 1. 
Owing to this, a noise current leaking from wells 5a, 6b 
of the digital circuit region 101 to the epitaxial layer 4 or 
the substrate 1 would not arrive at the wells but is 
drawn by the electric field of a substrate back surface 
electrode 9 and absorbed. Thus, the influence of the 
noise from the digital circuit 101 on the analog circuit 
102 is avoidable. 
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(54) [jHia&H 5*5?^iiKtT±P^Ea»3^g4rs¥«#^ffliHris gw^rre©® 

(57) [®&] («EjE#) 

*tt^#^©WSSLbfc£ft-C^* B Sic ^ 

5» ^frSKiK^aSEfrSSr S O I Satf^-TSo 

s o i wmo^mtom k » ? srjg^t l * * /uoam 




1 

fc T p ^{hISS £r^£fc L/c ^ /vffl^ fc ttffl 

J»ftS*vrv*a r fc MWfcfcr*!*** l Eit©4**# 
3 ] ttE^*^EI]»S:«J« L-fc ^yMMki 

~T p Lfc ^ ^HRlfcfcitt ni©I 2 to i? =c 

;vfc pffloJB2(0 9*^t«: J E:n^ii*'3te< fc fe— o<J 

» * « * * u x v ^ r fc & fc -r s m&m zmm^ 
[it 4 ] mE^^;Mg»«r?sjifc Lfc 9 

rtotWB«fltz> e^3i/i^o!) 9%, fflrEdfKftttfcttOTS 
£ a ^rt IcttEBMR^ fc ^0^*^ fc SufE^«W« fc <D 

*£fc 8r*rr s c fc &#tstfc t^ft*gt 3 tznwt<o¥m» 

[ 5 ] fflf IE r p ^ [Hi £r^jE& L ft 9 =. n^m 

1"* £ fc ^<W4:-r«lll*a3 *fcttlt**4 tE««) 
6 ] WE* 2 co H^SffiS®^ P m<omm& 

SJvcv^s ^ fc £#^fc-r£fif*Jl 5 KiRffco^Wttit 



(2) 0-12717 
&g L fc £ * /umm t= ffi LtM S ttic * 2 

rnmk [-smxnm^nxv^ - k ^mfci-£tt*« 
2M6 (D^-fM^mm^mt^mmmmmm. 

v^s r k sr»«fci-5i»*K 2ib^7 co^im^mm 

A? 2M7 cO^^^^cfBScCO^^aEJSS^g. 

l 0 ] H(fE*»**«<z>HtrEife«*^»fcS& 

fc ^r^sf 9 icE«©¥»#««iaRS£«o 

[ffi#X i i ] ttE^*#fl»«nB^«#»SJiK:«fi 
^^^^I!I{?&^^bfe!>^/v0^fcillfEr^n^[MSS 
Ifc^x/l/SSiCftnl©! 1 CO^^/Vfc 1 CO 

^^/v-fc Sr-tn-en-*'*: < fc ^--o-5otL, r.ttbn 
^ Si: pSo«i©(7x;Wc:|i/>4< i: t-^nf^Iffi 
^ * /V(7>W«;M fc tt Aft S »«® ©iSffi«*Sr* L 
Tfe^, 3EfctffET^n^B»t»rtbfcl?*/Hli«k: 
f^nMco^2coi>^/vfc pl^2©>>^;^^^^ 
*l*3te<fct> ^<5o*L, ctL^nlipS^l2^) 

^^/vt-tt**< fc ^^n^tMvj&m^&v ^./^(omM 
fc -r « 2 tr ^^frftaim^se. 

1 2 ] «E#Jffiffi«tttt*n^OJi£[B«* 

so wwLk-F&m#mi i\cmm;(D^m^mmmmmm 0 

WE««iiI»StE^tt*aiffS«-ht-^»ff»Sr* 

L fc 9 oi/HB« fc r p ^B*«r»J« Ufc !? ai/HH 
*E fc ttB(fEft«lEia6**eo^««*ir J: ^ "C«|RJ S fix 

^ tu!E^^yv!l]^^^Lfc^^/^^^^^^ 

/l-CO^irriS^ffiffi*i-^i"S^^/W-^[HlK^fc^^ 

fiffl«?r* bT v> 5 C fc Sr#« fc -fS *#ft*ai§IBS 

So 

s>9, ^(Dnm^^^/^mm^mm^knR^micn 

56? «tt«*ar#L'CV^5r fcSrW«fci"SI»*«l 3fcE 



3 

/uizammz z. co t> t m vmnmx-m^m. 

Sr^TU xv^/MMfB&irT-J-n ^(USS t i^tb-etijlft 
-t-««Jttfto-C*s!), K^fr«©*Wfc««cD*=. 

nmtmm.m^mm<D^mmm\^- ± o -cmm s *it*5 

U fff 12^ ;t-m ?g Sr^^ L fc ? ^ A-ig^ ©MSB £ 

Hcitioj's/Hrti,, mmTi-ujrmm*i&i&L> 
iaii&ttt*ti--eiisft'5^3i^fti*^j^j**ih-, -ttb 

7 s V> 9 /L-UFSS £ff^ Life * ^Hjl«t iTtn ^lUJg Srjf^ 

o x mm $ ttr v x 5 - i & #m t -r 5 Mmm&m 
w» 

[it** 2 0 1 mn*mitmm<z>mfcmm®miz-m-r 
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4 

2 1 (D^-r^izmm^m^mmm^mm. 

[»*K2 2] -^®M»^*^-K-h(CJFML,fc^ 

gtsso^ttfe zMtzmyt^mm'tt^xm 0 scoa a 

KM 1 *ffi0^Ji»ltiiE^#:Mic^'v ; : ?/vlHlSSS:-Sj^ 

MK¥>*fM&RK:t±fflrfefS 1 awns 2 tiiiro^ix? 

tmmm^ i>xm 2 <D^mvtmm*^ <o m? s is 

t, KSff2-©*^a£«©ii(iei6aiffci:W:*riRli-5*ffi 

7tp/iSI4:Mt5Iii: Sr*i"5 d t ^W^b~t 
[1**^ 2 6 ] MfEY * ytAts xefitufaftfitow 

[ft** 2 7 ] ftuieirv? ^/u|gisss.^r n ^m^m 

figxmtt, l!tSaJBl*5J:TJffS2SftaS»«T©IMEfS2<o 

50 ^mfc&m^fr^tinw.k pMcdv ^/u&mtfiu^ # 



5 

* ^M^mmm^m^ b-c®B&gaj& lt & s c t 

[»** 2 9 ] «TlET»««tt-t*l*r*tP !? ji>KO« 

m&mm l r atrissa**i«^ai-t- s nh«k»ir b^ 
[0001] 

(C r o s s - t a 1 k) 4rB&Jh*l^ LHt«)WJi-S*a 
[0 0 0 2] 

[#*^jr«] cMos*«iais^>f#-9*«ia* 

1 — ^^i^-fV\ Sot, ^ICD^ f — ^SritrtSr 

[0003] ^©IK^PX h-^^fiat^ft^M 

[0 0 0 4] Kffi^*;* b-^£ffi«1"5«^W3fei^fc 
03 DiS»B¥ 2- 1 4 5 4 9 *42t*^»3e**bXV^ 

h^^v 5 ^^ 2 4 6 fc^v^^/WlHfK&fl^^— 7 
^ # 2 4 8 t Sr^JEjSt U ^ f)h7 ^2 4 6, 

2 4 8F^^t°^^v'^I^l«2 7 2 ^SExlTPS 



(4) 0-12717 

i0 [0005] L3&*U4*6, ^SBfclJKT?^^^ 
6 a btf>b*j&s&, b i 3 cogfe#»-ef±. ^j^yss 

©*B«r«fift5 ^ n * b — ^«»j*d«r*WWe# SKI* 

[0 0 0 6] y ^ >-KS^^v^jaBfftrco^ n^, b — ^ 
iff ©m*»ttt5*fcl^ft*isfettvy ayJts© 

(Czochralski)ffiiFZ (floatin 
g zone) S^2o^^ D C2?£^I^og 

Sk<£>T\ *P^ttretlbTV^ 0 bfrbfttfSfe* SO 

r% SP^tt^JpjB*iBb, *<o*»bfc:/— 

• K«tt:co«r**ai3fc5KH, *P«ft*»bv^ 

[0007] ^:^x\ ^^mm&mmmxtnpu 

[0 0 0 8] B14 ^#^I^F4 - 2 5 1 9 7 0 #<&*fc 



7 

1 2icfiP^^>-^/VMOS h7>i?*# £l&fcN^*r 

bTV^5 0 — ;8f* NS^3 14|:|iPft^h 

x;l/3 18Sr#U F7>^^t;CMOS7t 
n^H«Sr»ritU-Cl/^So a 12,31 

4, 3 15. 3 1 8 fctt*ft^iXtHR«ffiVc c SfcfcJ: 
iMSGND^N+I*3 2 4^feflP+^^3 2 6 

^br^tktvo^o PiJE«3ioetP+«« 

[0 0 0 9] fi>fa%mi&fc£ti\'£^ v'V'pJvmmMmk: 
7f P^iiHlI4$!>x/UM3 1 2, 3 14 
fc»J*S*UT*5 9, rtL&0>£;n/HK#3 1 2, 3 14 

^5o Z-<Dt£#>, ^|ttWMOSb7>^^ 

[0 0 10] #ffl^4 - 2 5 1 9 7 O#42t#<0* 

ig-e?^:, #^^/l-M^3 12. 314, 315. 318 

[0011] B15 J3«rK¥ 3-148852 -^kfftfc 

»fMbfci 5 Q vy =V3E«4 0 2_bfc»>ffclR4 

0 4 Sr^VbTv-y =^^M4 0 6 SrK9 J: 9 »j« 

Lfet>©-C% V^SSOI (Silicon On I 
n s u 1 a t o r ) fMLTV^, i/}) >g 4 0 6 

o»^cg£ftj0i4 o s ^tt#y ->y a^fejfc&SMi 

[0 0 12] ^^^/UllIKirT'^n^lHl^^E^^l? 
h — ^ttB&3&stL5a' L^bftASfe, rofltift-ea 

^>^«4 0 2— <Z>E*3&S*< , i«4 0 4^ 



(5) #S¥l 0-12717 

s 

[0 0 13] 

t7~r* fm&b frB— ¥*tt*Rt> b< ttRI— 

[0 0 14] *MWffi©@^t ^^MSKir-?- 
n i/EIKfc trim— b< ttlB-*W#:at«± 
K^*b*fc*»ff«WiaiffJ|fi«*E:*V^. 

[0 0 15] *»H<03Ete«<0Bttf*, ¥8H**Ki-J: 
£0 9M<^fe^-r^->-aAb-CT ? ^^/i-lElSStr^-n ^ 
[M]^S^coP^^ff^cDSIS^v>b^ h — ^&PiSkVtc 

[0016] 

****«±fca^*b»fc^*«cAaiaK»«fc*3^^ 

# ^ /^iM* i f^^frS^ coii: £ EH± H S: -5 #Jffi 

[0 0 17]!^ _hlE¥»#**iaK«:#l?^^* 

d*lll««fc«*»«S*a*«ttfc#bftv^J; o 
r^tr^^ ^^/UlIBaWSrJB^b*:!?^ 

■WfciB-C^^^/HaK*** bfc V *^fR*«^*ft 

H**tt#*i&*bfc#fWI*:»j«b, ^Kfii«^*t^: 
rs^fr^Efiffi^^^cD^SSSr^bftv^ J; 5 M 

5» «S«:#o|ftaklBtSrtl6*aA/^tAv\ 
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[0018] - tj, ^m<D¥>mfcMffimmmmv>mm: 

[0 0 1 9] ft*5, #*#^fcV^L^WfMttv'IJ = 

fcSOl (SiliconOn Insulator) 
[0 0 2 0] **Hte«fcfttf, #««*tt¥*ttS«tf> 

-e«ffioAttft*ffcj»fiw o fc i # ft irtc^^s 7 >f 

4& i v ^ /HRtt t cd m fcimm * jtm u tims tc a j; « 

fir x;HH« t ^>«£gi* i G>«GW5E«te#J« Lfc H£«ffi 
<Z>^x. b tifc«SSffi*J- <fc o T y >f XBSfcteBfciK * ti . 

%<dx, r^p^EK«*^e»SrB&<rrt^ffl* 

[0021] Mli*»B^i85S*teteJ;ntf, -f^ffi 
ASr*9o J ffio^A^A"e i fTo-cv^<7?"e > ^y^ygi 
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[0 0 2 2] 

t-xmrn-rz* 

[oo23] ii ( a ) ittmm&m ie>mm<Di&m% 

tti/y=tl/-Cffc!9, flfS* "t" ©pW#*Sfil± 
{CpSM#>3A^JS2 a , 2b^nfi^Ml3a, 3 

b k^wat-toi^^^EKIiWsi 0 1 ^T^-u^ 

la6iA^f2a, 2b, 3a. 3b^ftSf* 
1 iCl^nl^y 3>«cD^fcr^^f->'^^S4Sr 
*U Pil»i2a, 2b±t1ipf?x/^5 
a, 5bi:fi§tlt^^ IB«fcnfiS»&;WB3 
a. 3bJ:t^nl!>x^6a, 6bKftS*bTV^5 0 
pl!>^5 a i:}tniMO S 7 a tf^jS 

£tl> nf{?x^6b^iiplMOS h7>^^8b 
^^jS^ttT^i^^/UlHl^^^l 0 KlCMOSf^ 

ttnlMOS h^>-^^ 7 b ^^^^-CT^o^lHi 
^M*l 0 21ZCMO ^m^&ftmisX^^v 
Cnfef^ /!>[IJBgiW§E 1 0 1 ^T^t^^lHlKl 0 2 t 
tt^Pffiftfcttiai (b) CD#U< ICftotio^ T^~a^ 
ETB&®«1 0 2co£^rM«^A^<^v : ^^lElg§l 0 1 

10 1 tT^l3^iaBr««l 0 2 ^C^fC^t^^-v- 
t^l4©^ffi|i|(l 0 3^*0^?), -g-cr)(gfi** 
ttX«l<Z>ff§ "t" J: D !>:*:# fe« "W" ^#Lt^ 

a, i 6 b&m*) m£tix^z> 0 ¥^f$&&i<omwfc 

hn, mmmm^mfe^tix^tZc 

[0024] ammrn 1 0 3 torn "w- $±¥mf$mt& 1 

<Dm$ "t" J; 5 < 5*LT*3t> . 3 0 0-600 

unihL,<teZ:tb&L±\^fe£tlXl<^& 0 Cjxi-io 

^^^^EfBStl^l 0 1 (D^m^5 a. 6b55^x 
}f 9 ^>ir ^* 4 * fcttapwafcR l tcS^it / X« 
g(lTta^[HlMl0 2(7)^x7P6a, 5 b 

I o o 2 5 ] 0 1 <Dmm<ommxn^ ^^[c P m^^^ 

5 aCOMOS h^>-i?^^ 7 a £ 5H5tiW8E 1 0 3i<Z>BB 

aSE^l 6 a ^LT*i?)tltV^ 0 ^^KJ/y 
^® 1 1 a ia^T, MOS N^^i?^^ 7 a ^*b« 

5» 5 i o 3 trtr^n^ig»«*i 0 2i: 
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[0 0 2 6] 3EK„ 7fn^iRl«l 0 2rt"Cttpffl 
MOS b^v^^ 8 a »t^nl^x^6 a^n 
IMOS h^V^x^ 7 b SrI*t5pI?x;V5 b J: 
19 fc^^/MIIKi»*l 0 1 iCj£<IE§L~CV^ Q -«! 

^"trfe 5 ? .Hi (a) TlinlMOS h^>"v^^ 7 b 
"CifeSo :©niMOSF7^^7b^plMOS 
Yy^y-J"^^ 8 a £ 59 inll)x^6 a C^ifi^^itiS < 

^»/&;S*it:*3!3, ^^BKWfii o i 
*tR 14V^^^^^ /HI 4 M SEA Lfctf 

IrJIHI (a) "CI*. pI?x;i/5 b^T^^^i 
fS««cl 0 HlJtcpSt^ig©«i l b^pIM 

LfcBBJftl 6 b-e**.TV^a o COplftiS«l 1 

[0027] *mn<vmmx*te#$mmi o atfeax 

J5fe^m# tf>feSS «: J: 9 «i*J # 5 ^ fe T* *? 5 c 

a ^niMO S 7 a «fc 9 ^ffifSK 1 0 3 fl 

K5 v^ffi® l l a — © M-^Sfi^ ^ * ®ss 

«1 O 2F*Wp^!£ai/l-5 b^-co^f— V^SHftA® 

«l l bflpll^i2 bM*?-S«fc 5fc?ej*3ti 
X^&», />f Xjft^«W^K*l3!r*SrJiJ-fafc«>tcB: 

1 0 l^pl!>x;i/5 a tfi^t^So IP*>. 

KU >^^il5»*««l 1 b£r£|< It P I!Mtf>5A^Jl2 
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12 

1 1 b<D;&f£]J; 9 t>/h^3&ffittr 2<DpMS£>&#Jg2 
b^IoTniM0Sf7>^^7b|:Itl5 0 

[0 0 2 8] ^©±5^a*©»»*rl,fc**W«>»l 

[0029] ^m<om2(Dmm<ommi^^x 

84, 05 (a) , (b) ^#ffiL-Tl&l^3 0 IrIHT* 
PS, 9a, 9 b <DJg*f;i8fc&«sai;t 

jfcsimzmi (a) , (b) *©m©*it(D»iii 

CtfcS^Tii (a) , (b) «i WCi^BH***:^ 
^X.6lSIBtffi9a, 9 bft— ofc^ttfctbT, 
n^HFB«B*l 0 2©IIi^{tfcIS9 b t U 
IIffi9a, 9b«t*iX^n*Bc«)»AUfc9l#iab 

[0030] mmmmnm&m 1 ^ms^n^ ± 5 ic 

¥auz>*«0>t>©9 (05 (a) #flB) i-TSfc. Xtii 
SiBift 9 fc«R1-8 91 * HI L*to>f * >^J&£r 

V\ I^lMtt, X£XIttt«:Cl9ai:9b^- 

# an u*i-^ * ^^^4>^fe 0 -c t t -r p c^ih]^ 
T-rvsfmmmm 102 e>^aifr*E 1 o««:oaEftH: 

« iBi?>57ts&i3:, *ffi*Dia^:®9a s 9bic^*Sfi:Sr^ 

m^icom^m l iiL<om^w^^x\^ 0 ^.(o^^m 
5 (b) ic^i- c raia-eraigs (a) ^-o^istg 
9 co^iri^S*^ 100 mh z ^_hxy ^(Dwm 

-So 

50 [0 0 3 1] **««>SB3«)|llfi©?l?«fcoV^T 
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H6*r#HRLT:R«i-5 0 

[0032] *mM<Ditmx~fcftmmmi o s<omm^ 
***^«^tt#fit«* 103 tois i o 

fflU d^o^^^/unJK^^i o 1 ^S^IiffiOT^-n 
^laBSSB^ ©»»Sr/hS < LTV^ 0 *MS$l 0 4<£> 

^i-^*6®> frmmm ^4^>-8LAi- 6 r. t \z x o 

[0 0 3 3] ftlC, C 0*S§i5 10 4 COJtffi&tSriSa&fc 

i7 (a) , (b) . (c) . (d) t#fl8LTttWi- 
5 0 

[0 0 3 4] 4i\ H7 (a) teart-J;5te, i/y^v 

(El 7 (a) -ei±^cDxgf^-t-rsc^oT^^, 0^ 
ITV^4V^) 0 ^ F 1/^ h S: ^ i I tftiS: 
ftA^/l^— 5 0-7 0KeV, K^Xt 5 X 1 0 15 
— 10X1 0 15 c mT 2 X4 tyftAltnSI^I 
3a, 3b»^tS (0 7 (a) Tftt £ ^IgfStt 

£ e ^O/ft h Ui/X h 1 8 £ IT^ny^A 

rc^/I^— 5 0-7 0KeV, K— X* 5X10 1S — 1 
0 X 1 0 15 c m _2 T^ ty^A IT p S!Sa6j&*JH 2 
a. 2b*Mt5 D 

lo o 3 5] #cie: % 0 7 (b) S£^rf-<fc5^ & h ^v* 
XM8 S:— .&(fe*U h VS** H 8 Sr 

jfeaufc«fc, f^^^HBS*i o i tT-r™?mi& 

* h 1/ MS ;RU«Kft;BS 1 5 SrBfe*f 5o - 
h l sXtfftfbfili 5fcfc*LfcSfcSMh&, 

Xf^t^AtSo rrO*V>K-XSco-r^^A 

ttte«< U 0 4*r«jjti-5. 

[0 0 3 6] ^*Mt^^ ^FM^a* 1-5X10 15 c 

3 0 0-4 0 0 keV, K^Xl 1 X 1 0 u — 10X1 
O^cm -2 . ^t>iiA^gF,Ig»o. 4-0, 

/^-l-3MeV, K-X11X10 U -10X10 
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11 cm" 2 , ^^^aAcO©^SSEit^3-6 /zm^i 

Jxii^^tyaAt^. r (D^co^i ty^A^^Afi 

& Q ^^t^yy^gtiaot, ins (a) 
«few atA-e*5. Sot, ^Mtt««oev^«B« 

10 4 £r$l< ^O^feiS- 3&^*e*j»«T?«fiftT?# 

70 4 CD^«*»*(^H«tt, f^tB7 (c) (DA- A 
JB^KiB^^ICWaiarSr^LfcBlS <b) (^LTfe 

So 

[0 0 3 7] Jfcld, MxJil 0 0 0-1100t©7^ 

ffcKl 5*r»*b-CH7 (c) H^fj:5^nlxt^ 

yaAtM^^^82a, 2 b, 3 a, 3d^t7 

[0 0 3 8] jgfr-v 0 7 Cd) Iz^-tJ: 5fc, pMSfc 

-20 iA^JB2a, 2 b J^^^t 0 ^^r^^7kjl4^p§i^^fife 
^^>-&AbT^jft^^±i£ p^^/^S a , 5 b &r 
JK^-fSn nllfta»l3a, 3 bi^tr^i/* 

v^^±^^^^^tX^/PJi4(ci±^®^>r^>'SEA 
«r*f H:t«)St jMBttll 0 3 i LTMltSo 

MOS h^^^^^*^ Srjfg^-rSgB^^^^' 

30 JblC3 0 0 — 6 0 0nm(OJS^^J?V^ftll 0 Srjgric 

[0039] u±^utcmmjjm^$5\s^x , mmui 

o 4 <r>mj&feftMW& l o 3{cSb^5'E)OT^<, 
N^ftStK 1 <D=*- tr^ 3r^A-Jg 4 £r Jgj*1-£M<O^B 

[0 0 4 0] Jfcfcl, 09 (a) , (b) IrtilT, * 

[0 0 4 1 ] ft-f. 09 ( a ) S*JHt-5 t , p 

-10^ m©pltfi^««84^11 104a fr& 
riEi-S. C^Slf 1 O 4 a±[li«l 2 ^Sirf 
t5nlW**#ll b^SO Ift**«V^-caB9 
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£>3A^Ji2a, 2bSr»*U nI?F»l:^t^A 
[0 0 4 2] rcOct SfcLtftbftfcSO 

*r <t ^ a * ftJ fc £ x 5 C t *s u * a ■ 
[0 0 4 3] :©*i^^4©»ll*ffla 
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